The randomly diluted resistor network is formulated in terms of an n-replicated s-state Potts model with a spin-spin coupling constant J in the limit when first n, then s, and finally 1/J go to zero. This limit is discussed and to leading order in 1/J the generalized susceptibility is shown to reproduce the results of the accompanying paper where the resistor network is treated using the xy model. This Potts Hamiltonian is converted into a field theory by the usual Hubbard-Stratonovich transformation and thereby a renormalization-group treatment is developed to obtain the corrections to the critical exponents to first order in ε=6-d, where d is the spatial dimensionality. The recursion relations are shown to be the same as for the xy model. Their detailed analysis (given in the accompanying paper) gives the resistance crossover exponent as φ 1 =1+ε/42, and determines the critical exponent, t for the conductivity of the randomly diluted resistor network at concentrations, p, just above the percolation threshold: t=(d-2)ν+φ 1 , where ν is the critical exponent for the correlation length at the percolation threshold. These results correct previously accepted results giving φ=1 to all orders in ε. The new result for φ 1 removes the paradox associated with the numerical result that t>1 for d=2, and also shows that the Alexander-Orbach conjecture, while numerically quite accurate, is not exact, since it disagrees with the ε expansion.
I. INTRODUCTION
The properties of the randomly diluted resistor network has received considerable attention over the past several years. ' In the usual model one associates a finite nonzero conductance o with occupied bonds and zero conductance with unoccupied bonds. Each bond is randomly occupied with probability p and unoccupied with probability 1 -p. Consider the resistance R (x, x') between two terminals at the sites x and x'. If the sites x and x are in different clusters, this quantity will be infinite. Even if the two sites are in the same cluster, R(x, x') will still be described by a (conditional) probability distri- A brief discussion placing these calculations in the proper context is given in the introduction of the accompanying paper, and will not be repeated here. However, some comments specific to the technique based on the Potts model are in order. In the original analysis of Kasteleyn and Fortuin' and in our succeeding work, use has been made of the connection between the resistance between two terminals in a network and the generating function for spanning trees on that network. Of course, in the presence of random dilution, one obtains the proper quenched average by considering the n~O limit of the appropriate n-replicated Hamiltonian.
The most impor- gr(y, y') = &e""' e'"')H(r) g. r(y, y') . Note that it is important to take the limit n~0 before s~O because only then will the factor Z" which is of orna, (r) der s ' be unity. Also, it is necessary to take the limit s~0 before allowing J&&1 in order that Eq. (2.12) be valid. Thus it is essential that the order of limits be such that first n, then s, and finally J ' be taken to zero. In particular, this will be reflected in our calculation when we encounter the factor s" which will be unity in the required limit.
More generally, we can define arbitrary-order two-point correlation functions: X'"(y, y')= v(y, y') 1 --C'"(y, y';J)+, C "(y,y';J) . T') , and ( T"), n 2 the number common only to ( T) and ( T'), n 3 the number common only to ( T) and (T"), and n4 the number common only to (T') and (T"). The principle purpose of this paper was to derive the scaling properties of the probability distribution of the two-point resistance R (x, x') between sites x and x' on the same cluster at the percolation threshold. We showed here in detail that the critical properties (in particular the e-expansion recursion relations) are the same as for the randomly diluted xy model treated in the accompanying paper. " The detailed calculations of the crossover exponents, the scaling functions, and the universal amplitude ratios which are obtained via the e-expansion recursion relations in the accompanying paper" could therefore just as well be obtained from the Potts-model formulation presented here. The conclusions mentioned in the abstract follow from the analysis in the accompanying paper and are discussed there.
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Since both sides are functions of r (x) -r (x'), we deter- 
